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(54) Use of dispersions of crosslinked cationic starch in papermaking 



(57) Starch dispersions comprising discrete parti- 
cles of crosslinl<ed cationic starch in an aqueous liquid 
can be used in papermaking. They can be used as a 
wet-end additive or in surface coating. The starch dis- 



persions can be prepared by a process comprising: (a) 
obtaining a mixture of cationic starch and an aqueous 
liquid, (b) processing the mixture using shear forces in 
the presence of acrosslinker; and (c) adding and mixing 
in a hydroxylic liquid to obtain the starch dispersions. 
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[001 4] Preferred sources of starch are com. wheat, rice, potato, tapioca, and barley. The starch can be waxy starch. 
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Mixtures of cationic starches with other biopolymers containing at least 50 % by weight of cationic starch can also be 
used as starting materiaL Suitable biopolymers are exemplified by other starches and starch derivatives, other polysac- 
charides such as cellulose and gums, as well as proteins (e.g. gelatin, whey protein). 

[0015] The starting material is mixed with an aqueous liquid selected from water or a combination from water and 

5 an alcohol such as ethanol. A mixture of starch and aqueous liquid also encompasses pregetatinized starch as the 
starting material which might be fed to the extruder without additional liquid. The mixture preferably has a solids content 
of at least 50 % by weight, especially at least 60 % by weight at the time when processing starts. 
[GDI 6] The processing using shear forces Is preferably performed at elevated temperatures above room temperature 
and below the degradation point of the starch and additional biopolymer, if used. The temperature ranges from pref- 

10 erably 30°C, more preferably 40°C, and most preferably 60°C, to preferably 200**C, more preferably 1 40^C. The shear 
can be effected by applying at least 100 J of specific mechanical energy (SME) per g of starch. Depending on the 
processing apparatus used the necessary energy may be higher; also when non-pregelatinized material Is used, the 
necessary SME may be higher, preferably at least 250 J/g, more preferably at least 500 J/g. High pressure (e.g. between 
5 and 1 50 bar) may be applied to facilitate processing at high concentrations. 

15 [0017] A plasticlzer may be present in addition to the water or water/alcohol mixture, such as a polyol (e.g. ethylene 
glycol, propylene glycol, polyglycols, glycerol, sucrose, maltose, mattodextrines, and sugar alcohols such as sorbitol), 
urea, sodium lactate, amino acids, or citric acid esters at a level of from 5 to 40 % by weight based on the dry weight 
of the starch or mixture of starch and other biopolymer, if used. However, water can already act as a plasticlzer. The 
total amount of ptasticizers (i.e. water and additional plasticlzer) preferably ranges from 5 and 50 % by weight based 

20 on the dry weight of the starch or mixture of starch and other biopolymer, if used. A lubricant, such as lecithin, other 
phospholipids or monoglycerids, may also be present, preferably at a level of 0.5 to 2.5 % by weight based on the dry 
weight of the starch or mixture of starch and other biopolymer, if used. An acid modifier, preferably a solid or semi- 
solid organic acid, such as maleic acid, maleic anhydride, citric acid, oxalic acid, lactic acid, gluconic acid, or a carbo- 
hydrate-degrading enzyme, such as amylase, may be present at a level of 0.01 to 5 % by weight based on the weight 

25 of the starch or mixture of starch and other biopolymer; the acid modifier or enzyme assists in slight depolymerizatlon 
which Is assumed to be advantageous in the process of producing starch dispersions comprising particles of a specific 
size. 

[0018] An essential step in the process of forming the starch dispersion Is the crossllnklng. Suitable crossllnkers for 
preparing the starch dispersions are dialdehydes and polyaldehydes, which reversibly form hemiacetals, acid anhy- 

30 drides and mixed anhydrides (e.g. succinic and acetic anhydride) and the like. Suitable dialdehydes and polyaldehydes 
are glutaraldehyde, glyoxal, periodate-oxidized carbohydrates, and the like. Other crossllnkers are for example ep- 
ichlorohydrin and other epoxides, triphosphates, divinyl sulphone. The crosslinking agent can be a reversible or non- 
reversible crosslinker. The level of crosslinker varies depending on the strength of the crosslinks It forms with starch. 
[0019] Such crossllnkers may be used alone or as a mixture. The crosslinking reaction may be acid- or base-cata- 

35 lyzed. The level of crosslinking agent preferably ranges from 0.01 to 7 % by weight, based on the dry weight of the 
starch or mixture of starch and other biopolymer, if used. The crosslinking agent is either already present at the start 
of the shearing process or added during the shearing process. Addition of the crosslinking agent during processing is 
preferred when the starting material is granular starch. 

[0020] After crosslinking, dispersion of the mixture in a suitable liquid follows, usually water and/or another hydroxylic 
40 liquid such as an alcohol, preferably to a concentration of from 20 to 50 % by weight. Usually, the dispersions are 
diluted before they are used as additives in papermaking. 

[0021] If desired, the dispersed cationic starch may be further crossllnked, using the same or other crosslinking 
agents as describe above. 

[0022] A cryogenic grinding step may be performed prior to the dispersion step. However, the starch dispersion for 
^5 use in wet-end and sizing applications can also be prepared by a process wherein the liquid to disperse the starch 
particles Is Injected directly Into the extruder without a cryogenic grinding step. This method of preparing a dispersion 
of starch particles in an aqueous liquid comprises: 

(a) obtaining a mixture of cationic starch and an aqueous liquid selected from water and a combination of water 
50 and alcohol; 

(b) processing the mixture using shear forces In the presence of a crosslinker in an extruder; 

(c) adding a hydroxylic liquid Into the extruder and dispersing the mixture inside the extruder or outside the extruder 
or both inside and outside the extruder to obtain the dispersion. 

55 [0023] This process which is a preferred embodiment of the general process described above is performed in a way 
that a premix of cationic starch (e.g. starch/water mixture or starch/water/alcohol mixture) which optionally contains a 
plasticlzer Is processed In an extruder. The crosslinker is present In the premix or injected into the extruder. The ex- 
trusion is performed under the same conditions as described above for the general process, i.e. a minimum energy 
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input of 100 J/g Is needed during the processing. The hydroxylic liquid, preferably water, is injected into the starch 
mixture in one of the last sections of the extruder at a level to reach the final solids content. Reversed screw elements 
and kneading elements may be available in the last sections of the extruder in order to homogenize the dispersion. It 
is also possible to obtain the final dispersion outside the extruder. Preferably, the outside dispersion follows a homog- 
5 enization step inside the extmder. The preferred methods to obtain the final dispersion are: 

- the extrudate is stirred in a dispersing vessel (batch type process); or 

- the extrudate is forced through a tube containing some static mixing elements which homogenize the dispersion 
(continuous process); or 

10 - the extrudate is fed to a continuous pumping device which introduces shear on the heterogeneous flow and thus 
causing the extrudate to homogenize. 

[0024] A sieve may be placed just before the die to reduce the size of the starch lumps before they enter the outside 

dispersing unit. * • * • 

15 [0025] It is also possible to use already crosslinked cationic starch in the dispersion step. The present invention is 
thus also directed to a method of preparing a dispersion of cationic starch particles in an aqueous liquid the method 
comprising extruding a mixture of a crosslinked cationic starch and an aqueous liquid in the presence of a hydroxylic 

liquid to form the dispersion. ^. * -k 

[0026] The novel starch dispersions made by the novel process are characterized by a broad particle size distnbution. 
20 According to laser light scattering data the particle size typically ranges from 200 nm to 1 00 ^im. 

[0027] The present invention will now be illustrated by the following examples. All parts and percentages are based 
on weight unless othenwise indicated. 

Example A 

25 

[0028] A premix of 100 parts, based on dry weight, of cationic waxy corn starch (C*-Plus 06901 with a moisture 
content of 1 1 to 1 3 %, available from Cerestar Deutschland GmbH, Krefeld, Germany), 21 parts of water (including the 
water contained in the cationic starch), and 17.9 parts of glycerol was prepared at room temperature in a high shear 
mixer. The premix was fed into an extruder (Berstorff ZE40 self-wiping, co-rotating twin screw extruder. 170 = 38) at a 

30 rate of 8.81 kg/h. The extruder has 9 zones with an adjusted temperature profile of 
40-80-100-110-130-100-100-100-90X. Screw configuration 3 was used and the screw speed was set at 200 rpm. A 
solution of 1 .9 parts of glyoxal in 1 6.8 parts of water was injected into the barrel at the 5th zone (22D) at a flow rate of 
1 2 kg/h with a Prominent Meta HK20-1 2.5 S piston dosing pump. An energy input of 3.5 kJ/g was applied on the starch 
melt The extrudate left the extruder through a five-hole die (diameter of holes 3 mm). The extrudate was dned and 

35 cryogenically ground and then dispersed in water. A stable low viscous starch dispersion with 30 % solids was obtained. 

Pulp Refining 

[0029] Pulp was refined from a mixture of 70 % Cenibra Eucalyptus hardwood pulp, available from SA-Cenibra. 
40 Brazil and 30 % Scogcell 90 softwood pulp available from Soedracel AB, Sweden, to. a freeness value of 2TSB 
(Schopper Riegler). The refining was done using 1 5 kg of the pulp mixture in 4300 1 of water at 1 50 kW/t with a cutting 
edge length of 17 km/s in a Pilao JR12 refiner, available from Pilao. Brazil 



45 



Example 1 

[0030] For determining the dry strength properties, hand sheets with a papenweight (grammage) of about 90 g/m2 

were prepared. ^ •* ♦ ^ 

[0031] A stock of pulp (0.6 % stock consistency) refined according to the procedure described above was agitated 
with ground calcium cartjonate filler (GCC available from Faxe Kalk, Denmark) in a Greaves mixer Type GM-B. 0-9500 

50 rpm commercially available from Joshua Greaves & Sons Ltd. Ramsbottom. Lancashire. UK, with vanable speed 
control (dial 0-110) Type 401 E. available from Claude Lyons Controls Ltd. The resulting mixture comprised 90 % of 
pulp and 1 0 % of filler, based on the total weight of pulp and filler. The dispersion of crosslinked cationic starch prepared 
in the Example A was diluted to a concentration of 2 % and added to the stock in the sheet former (Standard Sheet 
former British Pulp Evaluation Apparatus, manufactured by Mavis Engineering Ltd. London. Serial no. 7710 S stamped 

55 by The' British P&B Makers Association) in an amount of 2 % of dry starch based on dry pulp. The mixture was bnefly 
allowed to settle and drain in the sheet former and was then pressed for 7 min at a pressure of 0.345 MPa (50 psi) 
according to Tappi Test method T205 sp-95 section 7.4 in a hand sheet press (British Pulp Evaluation Apparatus, 
manufactured by Mavis Engineering Ltd. London Serial no. 7505 P stamped by The British P&B Makers Association). 
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The sheets were conditioned for 24 h at 23*C and 50 % room humidity. 
Example 2 

[0032] Example 2 was prepared in the same way as Example 1 with the exception that the composition of the stock 
was 80 % of pulp and 20 % of filler, based on the total weight of pulp and filler. 

Comparison Example 3 

[0033] Comparison Example 3 was prepared in the same way as Example 1 with the exception that a 2 % solution 
of commercially available cationic potato starch (Hi-Cat 135, available from Roquette UK Ltd) was used in an amount 
of 2 % of dry cationic potato starch, based on dry pulp, instead of the dispersion of crosslinked cationic starch. 

Comparison Example 4 

[0034] Comparison Example 4 was prepared in the same way as Comparison Example 3 with the exception that the 
composition of the stock was 80 % of pulp and 20 % of filler, based on the total weight of pulp and filler. 

Comparison Example 5 

[0035] Comparison Example 5 was prepared in the same way as Example 1 with the exception that a 0.3 % solution 
of medium molecular weight polyacrylamide retention aid (Percol 292, available from Ciba-Geigy, Basel, Switzerland) 
was used in an amount of 0.03 % of polyacrylamide retention aid, based on dry pulp, instead of the dispersion of 
crosslinked cationic starch. 

Comparison Example 6 

[0036] Comparison Example 6 was prepared in the same way as Comparison Example 5 with the exception that the 
composition of the stock was 80 % of pulp and 20 % of filler, based on the total weight of pulp and filler. 
[0037] Grammage, stiffness, tensile strength, tear strength, burst strength, and bulk of the handsheets prepared 
were determined according to the following British Standard test methods: 

Grammage: BSEN/ISO 536:1997 

Stiffness: BS 3748:19928 

Tensile strength: BSEN/ISO 1924-2 

Burst strength: BS 3137: 1972 (1995 revised) 

Tear strength: BSEN 21974:1994 

Thickness & Bulk: BSEN 20534:1994 

[0038] The test results reported in Tables 1 and 2 are average values of at least three measurements. 



TABLE 1: 



STIFFNESS, TENSILE STRENGTH, TEAR STRENGTH AND BULK OF PAPER SHEETS OF EXAMPLE 1 AND 

COMPARISON EXAMPLE 3 




Stiffness (mN-m) 


Tensile Index (N-m/g) 


Tear Index (mN-m^/g) 


Bulk (cm3/g) 


sheet of Example 1 
(88.9 g/m2 6.3% ash) 


1.37 


54.42 


8.84 


1.365 


sheet of Comp. Ex. 3 
(91.4g/m2, 7%ash) 


1.44 


50.87 


8.76 


1.347 
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BURST 



i TRENGTH OF PAPER SHE^^ 



TK^n nOMPARlSON EXAMPLES 3 TO 6 



sheet of 



ash {%) 



Ex.1 
~6.3 



3.96 



Ex.2 
10.0 



3.56 



C. Ex. 3 



7.0 



3.81 



C. Ex. 4 



13.8 



3.43 



C. Ex. 5 
5.8 



3.04 



C. Ex. 6 
11.0 



2.98 



burst index (kPa m^/g) 

,0 Exame!®! m ^ o. stock consistency) refined according to 

100391 For determining the tiller retention avihie ^^^^^ 

to theoretical filler amount in percent. 

/-^mparifion Exampie 8 solution 
^ «^ cvamniP 7 with the exception that /o sojuuui 

was used in an amount of 0.03 /o oi poiyau y 
Qtarch. 
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TABLE 3: -—I 


FIRST PASS FILLER RETENTIC 
lExample 7 

liner retention (%) | 68 "^^ _ 


)N OF EXAMPLE 7 / 
Comp. Example 8 
64.65 


^ND COMPARISON t 
Comp. Example 9 
68.16 


control (no additive) 
56.38 
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AKD/starch mixture based on dry pulp. The mixture was briefly allowed to settle and drain in the sheet former and was 
then pressed twice for a total of 7 min at a pressure of 0.345 MPa (50 psi). Two sets of hand sheets were prepared 
differing in curing conditions. One set was cured In an oven at 105**C in metal rings for 30 min and the other set was 
cured in a steam press at 105**C for a total of approximately 4 min. The sheets were conditioned for 24 h at 23^*0 and 
5 50 % room humidity. 

Example 11 

[0046] Example 1 1 was prepared in the same way as Example 1 0 with the exception that the AKD/starch dispersion 
10 was added In an amount of 0.2 % of dry AKD/starch mixture based on dry pulp. 

Example 12 

[0047] Example 1 2 was prepared in the same way as Example 1 0 with the exception that the AKD/starch dispersion 
15 was added in an amount of 0.3 % of dry AKD/starch mixture based on dry pulp. 

Comparison Example 13 

[0048] Comparison Example 1 3 was prepared in the same way as Example 1 0 with the exception that the AKD solids 
20 were dispersed in 2 % solution of commercially available cationic potato starch (Hi-Cat 135, available from Roquette 
UK Ltd) instead of the dispersion of crosslinked cationic starch. The AKD/starch dispersion was added in an amount 
of 0.1 % of dry AKD/starch mixture based on dry pulp. 

Comparison Example 14 

25 

[0049] Comparison Example 14 was prepared in the same way as Comparison Example 1 3 with the exception that 
the AKD/starch dispersion was added in an amount of 0.2 % of dry AKD/starch mixture based on dry pulp. 

Comparison Example 15 

30 

[0050] Comparison Example 1 5 was prepared In the same way as Comparison Example 13 with the exception that 
the AKD/starch dispersion was added in an amount of 0.3 % of dry AKD/starch mixture based on dry pulp. 
[0051 ] The Cobb value of the hand sheets was measured to assess the sizing efficiency according to British Standard 
test method BSEN20535. The test results reported In Table 4 are average values of three measurements. , 

35 

TABLE 4: 



SIZIING EFFICIENCY OF SHEETS OF EXAMPLES 10 TO 12 AND COMPARISON EXAMPLES 13 TO 15 


sheet of 


Ex. 10 


Ex. 11 


Ex. 12 


C.Ex. 13 


C.Ex. 14 


C.Ex. 15 


1 -min Cobb value (g HgO/m^) after 














oven-curing 30 min at 105*C 


35.1 


30.3 


31.7 


33.2 


27.2 


32.9 


contact-curing 4 min at 105''C 


24.3 


n. m. 


23.5 


28.6 


23.7 


n. m. 



n. m. not measured 

[0052] It is evident from the above examples that stiffness, tear strength, bulk and sizing efficiency are in about the 
same range as when commercially available cationic starch is used, whereas tensile strength, burst strength and filler 
retention are improved with the crosslinked cationic starch. 

50 

Claims 

1. Use of a starch dispersion comprising discrete particles of crosslinked cationic starch in an aqueous liquid In 
papermaking. 

55 

2. Use according to claim 1 wherein the starch dispersion Is used as an additive in the papermaking stock. 
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. .onrtac; a sizing agent in pulp sizing. 

8 A-composition comprising PulP^a^^^^^^^ _ „ _ . 

,5 9 A method Of preparing a dispersion Q 

(a) staining a mixture of cationic ^-ch a^^^^^^ a cross.inKer. and 

HrdC:srit:MSS^^^^^ 



(0 adding and mixing in a nyoru.,.^ 
The method according to ciaimiowher^n^^^^^ 

Lidetheextruderandaften^ardsdispersionisc step (a) is water or a combination of 

, .taims 9 to 11 wherein the aqueous liquid in step (a) IS wa 

... ato12whereinaplasticizerisaddedinstep(a). 
13. The method according to any of claims „..,„auidthemethodcomprisingextruding 



20 



25 11. The 



30 



12. 



16. use according to any of claims 1 to 7 where.n 



40 claims 9 to 14. 
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